THE importance of accuracy in the performance of gas-oxygen dental machines has always been accepted, but the inaccuracy of the flows from the nosepiece when compared with the dial settings has not always been realized.
This statement is borne out by the findings of Goldman (1958) in the tables of a recent article on "Deaths in the Dental Chair."
The successful and safe use of nitrous oxide and oxygen for dental anaesthesia allows only a small margin of error if consistently good results are to be obtained. Up to the present this condition does not appear to have been fulfilled. The anaesthetist or dentist who is accustomed to using the same machine for each administration may adjust his technique to overcome this deficiency. A machine which does not deliver the flows indicated on the dials must throw a certain amount of extra strain on the anaesthetist, until he has acquired a knowledge of the idiosyncrasies of the particular machine which he is using. This puts the occasional anaesthetist at a particular disadvantage as he may well find himself in difficulties for which he cannot really be blamed. His position is made even more difficult when the next machine he is asked to use may have a completely different performance.
In the course of one week, two machines which gave cause for anxiety were encountered by one of us. One did not deliver any oxygen until the indicator showed 30 per cent oxygen in nitrous oxide; the other, which was in use by a dentist, could not be made to deliver any oxygen at all. The dentist was quite unaware that the situation was so serious.
If a machine could be found which delivered more accurate concentrations over the whole range with the pressures used in clinical practice, then 367
anaesthetists, especially those giving only the occasional "gas", would have better prospects of giving a safe and smooth administration. The purpose of this article is to compare the advantages and disadvantages of a new design of dental anaesthetic machine-the A.E.I machine (Cyprane Ltd.)-with those of two conventional machines which were designed some years ago, and which are in constant use in dental surgeries.
The comparison is made between the physical attributes of the three machines, their simplicity or otherwise, their accuracy as judged by the concentration of gases issuing from the facepiece compared with the readings on the dials and their ease of use from the anaesthetist's point of view.
The standard machines used in this comparison are referred to as SI and S2.
Si is of the intermittent flow type. In it, nitrous oxide and oxygen are led into separate bags. These empty with the patient's inspiration. They then fill automatically from the cylinders and remain full until the next inspiration. A lever mounted against graduations on top of the machine, within easy access, controls the percentage of oxygen being inhaled with the nitrous oxide. The pressure at which this predetermined mixture is delivered to the patient is controlled by a foot lever. A button on top of the machine permits the delivery of oxygen at full pressure to the facepiece in an emergency.
S2. In this machine, the two gases are delivered at a pressure of 60 lb./sq.in. to two bags in metal drums. These bags partially empty on inspiration and the gases drawn from them pass to a percentage mixing chamber, the composition of the mixture being controlled by a dial on the top of the machine. From the mixing chamber the mixture can be delivered at pressures between 0 and 40 mm Hg. With any setting above 0 mm Hg the machine functions as a continuous flow type. It is possible to deliver pure oxygen under pressure directly to the patient.
The New Machine A.E.I. This machine is a patient-demand type of apparatus, and is shown in figures 1 and 2. There are no gas bags as in the standard types of machine. The reducing valves are set to deliver the gases at 60 lb./sq.in. pressure from the cylinders. These pressures are shown on dials on front of the machine.
The machine contains a mixer unit with a high pressure differential to ensure accurate mixing at all flows. From this the mixture flows into a separate delivery unit. This separation of the delivery unit ensures that the resistance to breathing is always low, and is not affected by the high pressure differential in the mixing unit. It has Fio. 2 tiu. 1 been found that if these units are combined then the size of the mixing ports is extremely critical, and cannot satisfy both requirements. Ports large enough to pass a high flow of gases on inspiration without undue resistance are too large to maintain a sufficient pressure difference across them to ensure accurate mixing at low flows, while small ports will maintain accuracy at low flows but will result in a high resistance to breathing at high flows.
As seen from figure 3, the mixer unit consists of a rotatable mixer shaft A, in which is a slot Al through which oxygen is led, and a slot A2 for the nitrous oxide. Surrounding shaft A is a collar B which is unable to rotate but which can move up and down. It is connected to a diaphragm (not shown in the diagram) which rises and falls according to the flow demanded by the patient. B has a slot Bl. The arrangement is, then, that A can rotate but cannot move up or down, while B can rise and fall but cannot rotate. Figure 3 shows the position of these basic parts of the machine when it is set to deliver 50 per cent oxygen in nitrous oxide at a low flow. Demand for an increased flow causes the collar B to rise ( fig. 4 ) and thus greater widths of slots Al and A2 are uncovered. Note, however, that the proportionate areas of Al and A2 are still the same as in figure 3 .
With alteration of the dial setting to 10 per cent oxygen in nitrous oxide, the position of A, relative to B, is as shown in figure 5. Much less of the oxygen port Al is now uncovered. This proportion is still maintained even although the collar B rises or falls in accordance with the flowdemand diaphragm.
The delivery unit has a pressure loading device which can be set at low pressure so that gases flow only on inspiration, or at high pressure, when the gases are, of course, delivered under pressure. Note, therefore, that any alteration in pressure cannot affect the percentages of the gases which are already mixed.
No emergency oxygen device is normally fitted but an extra piece of apparatus can now be obtained to fit on the existing machine so that pure oxygen can be administered by operating a foot piece.
The percentage of oxygen in nitrous oxide is controlled by an easily accessible knob on top of the machine (fig. 2) . The pressure is controlled by another knob, also on top of the machine, with empirical numbers 0-7 marked against it.
This machine appears to have two disadvantages. There is very little available space on top of the casing on which to lay anaesthetic accessories so that they can be easily to hand. There is only one reducing valve for nitrous oxide and one for oxygen; this necessitates turning off both cylinders to change an empty one.
With each inspiration, there is a pronounced flick of the nitrous oxide pressure gauge pointer which gives an indication that the patient's respiratory efforts are not being increased by an obstructed airway. The machine appeared to be very economical in use.
PERFORMANCE
With its advanced design, this new machine is able to deliver much more accurate percentages of the gases than is possible with the standard types of machine now in use. It is not seriously affected by the depth of respiration, the delivery pressure, or any inequalities of pressures being delivered by the 60 lb./sq.in. regulators.
These claims are borne out by the following tests. Mixtures delivered by three machines were analyzed by means of a Rayleigh gas interference refractrometer (Edmondson, 1957) . A mixture of nitrous oxide and oxygen in one tube of the apparatus causes a shift of one set of black lines and spectrum colours relative to another set produced by pure nitrous oxide in the second tube. One of the glass plates which cause the refraction in the machine is movable and is connected to a vernier scale. The black lines can be brought back into line by moving the glass plate. The amount of shift of the plate is then read off on the vernier scale. From this reading the actual percentage of oxygen in the mixture can be calculated Corrections were made for barometric pressure and room temperature in order to obtain the refractometer constant. A zero reading was obtained by using nitrous oxide.
In all the tests carried out, the dial setting on each machine was 10 per cent oxygen in nitrous oxide.
Investigation 1 cylinder is almost empty. The flow rate was kept constant. The resultant mixtures are shown in table LT. These figures show that although one cylinder is almost empty, the calculated oxygen percentage has varied little from the dial setting.
Investigation 3. This was carried out on all three machines. In this case a pump was introduced into the circuit to simulate the respirations of a patient. Its stroke was varied to simulate changes in tidal volume of various patients. It was set at a rate to correspond with 16 respirations/ minute. The results obtained are shown in table LTI. These figures again bear out the constancy of the response of the new machine as compared with the others.
These figures were calculated after many administrations with the standard machines, which are regularly serviced and after 700 administrations with the A.E.I machine.
DISCUSSION
It would seem that the figures shown in the tables for machines SI and S2 are a fair sample, as a similar pattern of gas analysis readings have been obtained on many other machines.
It may be argued that the comparison of these machines is biased in that one of them has had comparatively little use while the two which have produced poor results have given considerable service. It must be pointed out, however, that the standard machines are capable of maintaining their performance, up to their maximum possible efficiency, for many years, provided that they are regularly serviced, but they possess inherent defects, which it is believed, have been overcome in the new machine.
In A.E.1, the ports through which the gases are introduced are of such a size that they could not easily become occluded. There is no necessity for the use of grease which can so easily block a narrow slot as has been found on other types of machine. No rubber bags or tubing are used in the working parts of the machine. These points would lead one to suppose that the machine would maintain its performance for very long periods. Certainly after 700 administrations and rough handling during transport to various clinics, there was no noticeable fall-off in performance. In the past, nitrous oxide/oxygen anaesthesia for dentistry has often been associated with certain degrees of hypoxia. Lately, attempts have been made to avoid this by the use of techniques employing higher percentages of oxygen throughout the administration, thus reducing the likelihood of harmful hypoxia. Such techniques are those described by Tom (1959) and Mostert (1958) . These techniques depend for their success on machines which deliver accurately the gas mixtures required. That these techniques have not been widely accepted and have given disappointing results in some hands is perhaps due to the unsuitability and variability of some machines employed.
Lest it be thought that all difficulties in nitrous oxide/oxygen anaesthesia can be avoided by using a machine capable of delivering really accurate flows, it must be remembered that great differences are found in the response of various patients to nitrous oxide; some being quite resistant to its use. This has been especially well demonstrated by Rosen (1959) , who showed that even with nitrous oxide and oxygen stabilized at 73 and 17 per cent respectively, a patient can still be conscious, even although analgesic. These, however, are not conditions under which dental extractions can be undertaken, so, even with the best machine and the highest skill, nitrous oxide and oxygen alone cannot provide suitable operating conditions for these cases and some adjuvant must be provided in these more resistant cases.
SUMMARY
The necessity for a dental anaesthetic machine which will deliver more accurate flows than those which have been used up to the present is discussed.
The performance of the A.E.1 machine is compared with others which have been in use up to the present time.
The mechanics of two standard dental anaesthetic machines and of the new A.E.I machine are described.
Tables are given showing the results of the gas analysis using a gas interference refractometer.
The findings are analyzed and these points correlated with those of other workers in the same field.
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